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(54) Discharge control system

(57)  Adischarge control system of an electric storage
pack (100) controls a discharge line connected from a
plurality of electric rechargeable cells to arotary inductive
load or a load driving feeding circuit. The electric re-
chargeable cells are provided in series within the electric
storage pack (100). The discharge control system in-
cludes cell voltage detection units which detects respec-
tive cell voltages of the plurality of electric rechargeable
cells, a switch group including a plurality of switches con-

FIG. 1

nected between the plurality of electric rechargeable
cells, and a control unit (121) which controls individually
the switches of the switch group in accordance with re-
sults of detections by the cell voltage detection units when
a difference between a highest cell voltage and a lowest
cell voltage in the electric rechargeable cells of the elec-
tric storage pack (100) is equal to or smaller than a pre-
determined value and forms a discharge line from at least
any one of the plurality of electric rechargeable cells to
the rotary inductive load or the load driving feeding circuit.
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Description
FIELD OF THE INVENTION

[0001] The present disclosure relates to a discharge
control system which implements an electric power sup-
ply to a load when cell voltages of electric rechargeable
cells of an electric storage pack are in a uniform state.

DESCRIPTION OF RELATED ART

[0002] An electric storage pack for supplying electric
power to a motor or the like is equipped on a vehicle such
as EV (Electric Vehicle) or HEV (Hybrid Electrical Vehi-
cle). The electric storage pack includes a plurality of elec-
tric rechargeable cells which are connected in series.
[0003] Fig. 12 is a block diagram showing a relation-
ship between an electric storage pack, part of an electric
drive system and auxiliaries which are equipped on a
vehicle. The vehicle described in Fig. 23 includes a elec-
tric storage pack 10, an inverter 11, a motor 13, a DC-
DC converter 15, a battery 17 and a cooling fan electric
motor (hereinafter, referred to as an "electric motor") 19.
An output voltage of the electric storage pack 10 is a high
voltage (for example, 100 to 200V), and an output voltage
of the battery 17 is an output voltage for auxiliaries (for
example, a low voltage of 12V). The output voltage of
the electric storage pack 10 is converted from direct cur-
rent to alternating current by the inverter 11 so as to be
supplied to the motor 13. The output voltage of the electric
storage pack 10 is reduced low enough to charge the
battery 17 by the DC-DC converter 15. The electric motor
19 is supplied with electric power by the battery 17, so
as to drive a cooling fan to cool the electric storage pack
10 with air produced by the fan.

[0004] The electric storage pack 10 shown in Fig. 12
has a plurality of electric rechargeable cells (hereinafter,
referred to simply as "cells") C1 to Cm (m is an integer
which is 2 or larger) which are connected in series, dis-
charge switch units Cc1 to Ccm which are connected to
the respective cells in parallel, voltage detection units S1
to Sm which are connected to the respective cells in par-
allel, and a control unit 21 for controlling the respective
discharge switch units. In addition, the discharge switch
units Cc2 to Ccm, the voltage detection units S1 to Sm
and the control unit 21 are integrated into an IC chip.
[0005] Each discharge switch unit has a discharge re-
sistor R and a switch Sw which are connected in series.
The voltage detection units S1 to Sm detect voltages at
both ends of the cell (a cell voltage) with which it is con-
nected in parallel. The control unit 21 on/off controls the
respective switches of the discharge switch units in ac-
cordance with determination results by the voltage de-
tection units S1 to Sm.

[0006] Further, the electric storage pack 10 has a
charge control unit which is not shown. The charge con-
trol unit controls to prevent the overcharge of the respec-
tive cells (an overcharge preventive control) when the
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electric storage pack 10 is charged. The cell voltages of
the respective cells vary depending on the state of using
the electric storage pack 10 and/or qualities of the re-
spective cells. Therefore, the charge control units imple-
ments an overcharge preventive control based on the
cell having a highest cell voltage. In addition, lithium ion
electric rechargeable cells or nickel-hydrogen electric re-
chargeable cells are used as the cells installed in the
electric storage pack 10, and the overcharge preventive
controlis necessary particularly when the lithiumion elec-
tric rechargeable cells are used.

[0007] In this way, since the overcharge preventive
control of the electric storage pack 10 is carried out based
on the cell having the highest cell voltage, as shown in
Fig. 13, when variation in cell voltage becomes large due
to repetition of charging and discharging, the capacity of
the electric storage pack 10 is reduced. Namely, since
the whole residual capacity of the electric storage pack
10 is limited by the overcharge preventive control that is
carried out when the electric storage pack 10 is charged,
the capacity of the electric storage pack 10 is reduced
as shown by dotted lines in Fig.13 as a result of the im-
plementation of the overcharge preventive control. In the
event that the capacity of the electric storage pack 10 is
reduced, resulting in an insufficient supply of electric
power to the motor 13, additional cells need to be installed
in the electric storage pack 10 or the electric storage pack
10 needs to be replaced by a electric storage pack having
a larger capacity.

[0008] Therefore,inthe electric storage pack 10 shown
in Fig. 12, the control unit 21 controls individually the
switches of the respective discharge switch units so that
the cell voltages of the respective cells become the same
in level. For example, as shown in Fig. 14, when the cell
voltage of the cell C1 is higher than the cell voltages of
the other cells C2 to Cm, the control unit 21 closes the
switch Sw1 possessed by the discharge switch unit Cc1
which is associated with the cell C1 so as to close a circuit
between the cell C1 and a discharge resistor R1. As this
occurs, a current flows from the cell C1 to the discharge
resistor R1, and the current is transformed into heat in
the discharge resistor R1. As a result, the cell voltage of
the cell C1 decreases, and when the cell voltage of the
cell C1 goes down to the same level as the cell voltages
of the cells C2 to Cm, the control unit 21 opens the switch
Swi1. In this way, by making uniform the cell voltages of
the respective cells so as to reduce the variation in cell
voltage, the reduction in capacity of the electric storage
pack can be prevented.

[0009] However, in the electric storage pack shown in
Fig. 12, heat is produced in association with making uni-
form the cell voltages of the cells. Namely, in the electric
storage pack 10, electric power stored in the cells is con-
sumed wastefully by making uniform the cell voltages of
the cells. Further, as has been described above, the in-
tegrated circuit made up of the discharge switch units
Cc1 to Ccm, the voltage detection units S1 to Sm and
the control unit 21 is provided in an interior of the electric
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storage pack 10. Since some constituent elements are
included in the integrated circuit whose properties
change depending on ambient temperatures, the dis-
charge resistors R1 to Rm desirably have a smaller heat
value.

[0010] According to Joule’s law, the heat value of a
resistor is proportional to "electric current? x resistance
value." Therefore, resistors having alarge resistance val-
ue are used for the discharge resistors R1 to Rm. Since
the larger the resistance value of a discharge resistor,
the smaller a discharge current, a quantity of heat gen-
erated inthe discharge resistoris reduced. However, with
a small discharge current, a longer time has to be spent
in making uniform the cell voltages of the cells. Therefore,
the resistance values of the discharge resistors R1to Rm
are determined based on a balance between the heat
values of the discharge resistors and the time spent in
making uniform the cell voltages. In any case, since heat
is generated in the discharge resistors R1 to Rm in as-
sociation with making uniform the cell voltages of the
cells, a high-level of countermeasures against heat like
heat dissipation or heat resistance need to be taken for
the electric storage pack 10 so as to prevent the integrat-
ed circuit from being badly affected by the heat.

[0011] With a view to solving the problem, in an inven-
tion described in a specification of U.S. Patent Applica-
tion (No. 12/256,717) which was filed in October 23, 2008
and which had not yet been laid open at the time of filing
the subject patent application, as is shown in Fig. 15,
electric power discharged from electric rechargeable
cells of a electric storage pack 50 as a result of making
uniform cell voltages of the electric rechargeable cells is
used for driving a cooling fan electric motor 109. In this
way, in the invention of the U.S. Patent Application, no
heat is generated by a resistor shown in Fig. 12 and elec-
tric power discharged from the electric rechargeable cells
is effectively used at the electric motor 109.

[0012] According to the invention of the cited U.S. pat-
ent application, no discharge from the electric recharge-
able cells in the electric storage pack 50 is required when
the cell voltages of the whole electric rechargeable cells
of the electric storage pack 50 are uniform. Therefore,
no electric power is supplied to the electric motor 109 as
long as the cell voltages are so uniform. The electric mo-
tor 109 is necessary for driving the cooling fan for gen-
erating an air flow for cooling the electric storage pack
50. Cooling air needs to be sent into the electric storage
pack 50 at all times while a vehicle equipped with the
electric storage pack 50 continues running. Consequent-
ly, it is undesirable that no electric power is supplied to
the electric motor 109 due to the cell voltages remaining
uniform while the vehicle is running. Itis desirable to have
a configuration in which electric power can be supplied
to the electric motor 109 while the cell voltages are held
uniform.

[0013] In addition, in the invention of the cited U.S.
patent application, the electric rechargeable cells are
controlled in such amanner that the electric rechargeable

10

15

20

25

30

35

40

45

50

55

cells having higher cell voltages are discharged for pref-
erence. If the discharge control of the cited invention is
implemented even in the uniformed state, switching oc-
cur in a discharge switch unit 51 of the electric storage
pack 50. Since the switch unit is formed as part of an
integrated circuit, a certain number of times of switching
would pose no problem. However, when switching occurs
frequently, in the event that switches SW1 to SW2n are
made of CMOS, there may be caused a situation which
a through current flows every time switching occurs. This
may result in a case which frequent switching increases
consumed electric power.

[0014] In this way, it is desirable to have the configu-
ration in which even in such a state that the cell voltages
of the whole electric rechargeable cells of the electric
storage pack 50 are uniform. Electric power can be sup-
plied to the electric motor 109 while preventing the oc-
currence of frequent switchings.

SUMMARY OF INVENTION

[0015] The invention provides a discharge control sys-
tem which can implement an electric power supply to a
load even in such a state that cell voltages of electric
rechargeable cells of an electric storage pack are uni-
form.

[0016] According to a first aspect of the invention, a
discharge control system for a electric storage pack (for
example, a electric storage pack 100 in an embodiment)
has a plurality of electric rechargeable cells (for example,
lithium ion electric rechargeable cells C1 to Cn in the
embodiment) connected in series, said system is provid-
ed with a plurality of cell voltage detection units (for ex-
ample, voltage detection units S1 to Sn in the embodi-
ment) which detect respective cell voltages of the electric
rechargeable cells, a switch group (for example, a dis-
charge switch unit 111 in the embodiment) including a
plurality of switches (for example, switches SW1 to SW2n
inthe embodiment) which are respectively connected be-
tween the plurality of electric rechargeable cells and a
control unit (for example, a control unit 121 in the em-
bodiment) forming one discharge line of the discharge
lines from at least any one of the electric rechargeable
cells to a rotary inductive load or a load driving feeding
circuit, wherein the control unit controls individually the
switches of the switch group in accordance with detection
results by the cell voltage detection units when a differ-
ence between a highest cell voltage and a lowest cell
voltage in the electric rechargeable cells of the electric
storage pack is equal to or smaller than a predetermined
value.

[0017] According to a second aspect of the invention,
wherein the electricrechargeable cells may comprise lith-
ium ion electric rechargeable cells.

[0018] According to a third aspect of the invention,
wherein the control unit may control individually the
switches of the switch group such that the electric re-
chargeable cells of the electric storage pack are dis-
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charged sequentially cell by cell.

[0019] According to a fourth aspect of the invention,
wherein the control unit may specify at least one of the
plurality of the electric rechargeable cells having a larger
cell voltage than an average cell voltage value of the
electric rechargeable cells of the electric storage pack
and may control individually the switches of the switch
group such that the electric rechargeable cells are dis-
charged sequentially cell by cell from the specified elec-
tric rechargeable cell.

[0020] According to a fifth aspect of the invention,
wherein when elapsing a predetermined period of time
since the start of a discharge from one electric recharge-
able cell, the control unit may form a discharge line from
a next electric rechargeable cell to the rotary inductive
load or the load driving feeding circuit.

[0021] According to a sixth aspect of the invention,
wherein when the cell voltage of one electric recharge-
able cell drops by a predetermined voltage as a result of
a discharge from the electric rechargeable cell, the con-
trol unit may form a discharge line from a next electric
rechargeable cell to the rotary inductive load or the load
driving feeding circuit.

[0022] According to a seventh aspect of the invention,
wherein when the cell voltage of one electric recharge-
able cell drops to be a predetermined voltage as a result
of a discharge from the electric rechargeable cell, the
control unit may form a discharge line from a next electric
rechargeable cell to the rotary inductive load or the load
driving feeding circuit.

[0023] According to an eighth aspect of the invention,
wherein the control unit may divide the electric recharge-
able cells of the electric storage pack into a plurality of
groups each including the same number of electric re-
chargeable cells and may control individually the switch-
es of the switch group such that the plurality of groups
of electric rechargeable cells are discharged sequentially
group by group.

[0024] According to a ninth aspect of the invention,
wherein a plurality of adjacent electric rechargeable cells
may be designated as forming each group.

[0025] According to a 10th aspect of the invention,
wherein when elapsing a predetermined period of time
since the start of a discharge from one group, the control
unit may form a discharge line from a next group to the
rotary inductive load or the load driving feeding circuit.
[0026] According to an 11th aspect of the invention,
wherein when the cell voltage of each of the electric re-
chargeable cells designated as forming one group drops
by a predetermined voltage as a result of a discharge
from the group, the control unit may form a discharge line
from a next group to the rotary inductive load or the load
driving feeding circuit.

[0027] According to a 12th aspect of the invention,
wherein the control unit may designate the one of the
plurality of the electric rechargeable cells having the high-
est cell voltage in the plurality of electric rechargeable
cells of the electric storage pack as forming a group and
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may form a discharge line from an electric rechargeable
cell in the group to the rotary inductive load or the load
driving feeding circuit.

[0028] According to a 13th aspect of the invention,
wherein the control unit may select the electric recharge-
able cell to be designated as forming the group such that
a discharge voltage of the electric rechargeable cell falls
within a voltage range which can drive the rotary inductive
load or the load driving feeding circuit.

[0029] According to a 14th aspect of the invention,
wherein the control unit may designate a plurality of ad-
jacent electric rechargeable cells as forming the group.

[0030] According to a 15th aspect of the invention,
wherein when designating the plurality of electric re-
chargeable cell as forming a group, the control unit may
designate the electric rechargeable cells in the order of
the electricrechargeable cell having a higher cell voltage.
[0031] According to a 16th aspect of the invention,
wherein the control unit may implement a discharge from
the electric rechargeable cells designated as forming the
group to the rotary inductive load or the load driving feed-
ing circuit until a difference between a lowest cell voltage
in the electric rechargeable cells designated as forming
the group and a highest cell voltage in the electric re-
chargeable cells of the electric storage pack exceeds the
predetermined value.

[0032] According to a 17th aspect of the invention,
wherein the switch group has a first switch group includ-
ing a plurality of first switches (for example, the switches
SW1 and SW2, SW4, ..., SW2n-2 in the embodiment)
which are connected to a negative side input terminal of
the rotary inductive load or the load driving feeding circuit
and a second switch group including a plurality of second
switches (for example, the switches SW3, SW5, .1 .,
SW2n-1 and SW2n) which are connected to a positive
terminal of the rotary inductive load or the load driving
feeding circuit, and wherein the control unit closes any
one of first switches and any one of second switches so
as to form discharge lines from the plurality of electric
rechargeable cells to the rotary inductive load or the load
driving feeding circuit.

[0033] According to the discharge control system set
forthinthe 1st, 2nd or 17th aspect of the invention, electric
power can be supplied to the rotary inductive load or the
load driving feeding circuit also when the cell voltages of
the plurality of electric rechargeable cells of the electric
storage pack are in the uniformed state (in a state where
the difference between the highest cell voltage and the
lowest cell voltage of the plurality of electric rechargeable
cells is equal to or lower than the predetermined value).
[0034] According to the discharge control system set
forthin any of the 3rd to the 16th aspects of the invention,
even in such a state that the cell voltages are uniform,
no frequent switching does not occur in the switch group.
[0035] Other aspects and advantages of the invention
will be apparent from the following description, the draw-
ings and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

Fig. 1 is a block diagram showing a relationship be-
tween an electric storage pack according to a first
embodiment, part of an electric drive system and
aucxiliaries which are equipped on a vehicle.

Fig. 2is a circuit diagram showing an electric storage
pack 100 of a first embodiment which has eight cells
C1to C8.

Fig. 3 is a diagram showing cell discharges to the
electric storage pack shown in Fig. 2 and an on/off
pattern of switches.

Fig. 4 is a diagram showing a relationship between
a single cell’s output voltage, the number of dis-
charge cells, a maximum cell voltage and a dis-
charge voltage.

Figs. 5A to 5C are diagrams showing an example of
cell voltages of cells which are installed in the electric
storage pack 100 of the first embodiment.

Figs. 6A to 6C are diagrams showing an example of
cell voltages of cells which are installed in an electric
storage pack 100 of a second embodiment.

Figs. 7A to 7C are diagrams showing an example of
cell voltages of cells which are installed in an electric
storage pack 100 of a third embodiment.

Fig. 8 is a graph showing a load power efficiency
relative to an application voltage of an electric motor
109.

Fig. 9 is a flowchart illustrating a group setting by a
control unit 121 possessed by the electric storage
pack 100 of the third embodiment.

Figs. 10A to 10C are diagrams showing an example
of cell voltages of cells which are installed in an elec-
tric storage pack 100 of a fourth embodiment.

Fig. 11 is a flowchart illustrating a group setting by
a control unit 121 possessed by the electric storage
pack 100 of the fourth embodiment.

Fig. 12 is a block diagram showing a relationship
between a electric storage pack, part of an electric
drive system and auxiliaries which are mounted on
a vehicle.

Figs. 13A and 13B are diagrams showing a variation
in cell voltage of electric rechargeable cells installed
in the electric storage pack 100 shown in Fig. 12.
Fig. 14 is a diagram showing an example of the cell
voltages of the electric rechargeable cells installed
in the electric storage pack 100 shown in Fig. 12.
Fig. 15 is a block diagram showing a relationship
between an electric storage pack, part of an electric
drive system and auxiliaries which are mounted on
a vehicle described in a specification of Japanese
Patent Publication No. 2007-62681.

Fig. 16 is a block diagram showing a relationship
between the electric storage pack of the first embod-
iment, part of an electric drive system and auxiliaries
in another form.
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DETAILED DESCRIPTION OF THE PREFERED EM-
BODIMENT

[0037] Hereinafter, embodiments of the invention will
be described by reference to the drawings. An electric
storage pack which will be described in the following em-
bodiments is such as to be equipped on a vehicle such
as EV (Electric Vehicle) and HEV (Hybrid Electric Vehi-
cle) to supply electric power to a motor or the like. In
addition, a plurality of electric rechargeable cells con-
nected in series are provided in the electric storage pack.
In the embodiments which will be described hereinafter,
lithium ion electric rechargeable cells are used as such
electric rechargeable cells. However, as other embodi-
ments, nickel-hydrogen electric rechargeable cells, elec-
tric double-layer capacitors, capacitors and the like may
be used. In addition, it should be understood that when
used in this specification, "discharge" means not energy
output for supplying electric power from the electric stor-
age pack to the motor but energy output for making uni-
form cell voltages of the respective cells installed in the
electric storage pack.

(First Embodiment)

[0038] Fig. 1is ablock diagram showing a relationship
between an electric storage pack according to a first em-
bodiment, a part of an electric drive system and auxilia-
ries which are equipped on a vehicle. The vehicle de-
scribed in Fig. 1 includes a electric storage pack 100 of
the first embodiment, an inverter 11, a motor 13, a DC-
DC converter 15, a battery 17, and a cooling fan electric
motor (hereinafter, referred to as an "electric motor") 109
whichis arotary inductionload. The inverter 11, the motor
13, the DC-DC converter 15 and the battery 17 are the
same as those constituent elements shown in Figs. 12
to 15. In addition, the electric motor 109 is identical to
the electric motor 109 shown in Fig. 15.

[0039] An output voltage of the electric storage pack
100 of this embodiment is a high output voltage (for ex-
ample, 100 to 200V), and an output voltage of the battery
17 is an output voltage for auxiliaries (for example, a low
voltage of 12V). The output voltage of the electric storage
pack 100 is transformed from direct current to alternating
current by the inverter 11 for supply to the motor 13. The
output voltage of the electric storage pack 100 is reduced
low enough to charge the battery 17 by the DC-DC con-
verter 15. Electric power is supplied to the electric motor
109 by discharge from cells installed in the electric stor-
age pack 100, and an airflow produced by the cooling
fan driven by the electric motor 109 cools the electric
storage pack 100.

[0040] In addition, the operation of the electric motor
109 is ensured by a drive voltage of 9 to 14V. Not only
in this embodiment but also in other embodiments, the
auxiliary is not limited to the cooling fan electric motor
109 but may be an electric motor for a coolant pump or
an electric motor for a blower of an air cleaner. In addition,
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a destination to the supply of electric power by the cell
discharge is not limited to the electric motor 109 which
is the rotary induction load but may be a feeding circuit
for feeding a capacity variable load. The capacity variable
load includes a hot wire used in a seat heater, a lamp
used as a back light for an instrument cluster, a Peltier
element, an air cleaner and the like. Furthermore, electric
power resulting from cell discharge may be supplied not
only to the electric motor 109 but also to the electric motor
109 and other auxiliaries at the same time. For example,
as is shown in Fig. 16, a configuration may be adopted
in which a load driving feeding circuit RO and a switch
SWO0, which are connected in series with each other, are
connected in parallel with the electric motor 109.
[0041] The electric storage pack 100 shown in Fig. 1
has a plurality of lithium ion electric rechargeable cells
(hereinafter, referred to simply as "cells") C1 to Cn (n is
an integer which is 2 or larger) which are connected in
series, a discharge switch unit 111 which is connected
to the cells C1 to Cn in parallel, voltage detection units
S1 to Sn which are connected to the respective cells in
parallel, and a control unit 121 for controlling the dis-
charge switch unit 111. In addition, the discharge switch
unit 111, the voltage detection units S1 to Sn and the
control unit 121 are integrated into an IC chip.

[0042] Here, a single output voltage range of the cells
C1to Cnis in the range of 3.0 to 4.0V. Note that a rela-
tionship between SOC (State of Charge) and output volt-
age of a lithium ion battery is substantially linear. In the
electric storage pack equipped on the vehicle, charging
and discharging are repeated within a predetermined
range of residual capacity (SOC) of the cells.

[0043] The discharge switch unit 111 has switches
SW1 to SW2n which are connected between the cells.
In addition, the switches SW1 and SW2,SW4, ... ,SW2n-
2 are connected to a negative side input terminal of the
electric motor 109, while the switches SW3, SW5, ...,
SW2n-1 and SW2n are connected to a positive side input
terminal of the electric motor 109.

[0044] The voltage detection units S1to Sn detect volt-
ages at both ends of the cells with which they are con-
nected in parallel (cell voltages). In addition, the voltage
detection units S1 to Sn detect cell voltages of the cells
continuously or periodically and send detection results
to the control unit 121.

[0045] The control unit 121 determines the SOC of the
respective cells based on the detection results sent from
the voltage detection units S1 to Sn. In addition, as has
been described above, the relationship of SOC and out-
put voltage of the lithium ion battery is substantially linear
and a relationship of SOC and output voltage of each cell
is also substantially linear. The control unit 121 on/off
controls individually the switches SW1 to SW2n within
the discharge switch unit 111 based on latest detection
results in relation to SOC so that the SOC of the cells,
that is, cell voltages of the cells become the same in level.
For example, the control unit 121 makes uniform the cell
voltages of the electric rechargeable cells by repeating
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an operation of supplying electric power discharged from
the electric rechargeable cell having the highest cell volt-
age to the electric motor 109.

[0046] The state in which the cell voltages of the elec-
tric rechargeable cells of the electric storage pack 100
are the same in level means a state in which a difference
between the highest cell voltage and the lowest cell volt-
age in the electric rechargeable cells C1 to Cn provided
in the electric storage pack 100 (a cell voltage variation
width) is equal to or smaller than a predetermined value.
Hereinafter, this state will be referred to as a "uniformed
state." The control unit 121 determines whether the elec-
tric rechargeable cells C1 to Cn in the electric storage
pack 100 are in a uniformed state or a non-uniformed
state based on latest determination results on cell volt-
ages which are sent from the voltage detection units S1
to Sn.

[0047] In addition, even after the electric rechargeable
cells C1 to Cn have been put in the uniformed state, the
control unit 121 on/off controls individually the switches
SW1 to SW2n in the discharge switch unit 111 so as to
supply electric power from the electric storage pack 100
to the electric motor 109. The details of a discharge con-
trol by the control unit 121 when the electric rechargeable
cells of the electric storage pack 100 are in the uniformed
state will be described later.

[0048] A discharge line from at least one cell to the
electric motor 109 is formed by the on/off control of the
switches SW1 to SW2n by the control unit 121. Conse-
quently, electric power is supplied to the electric motor
109 from the electric rechargeable cell included in a
closed circuit formed by the on/off control by the control
unit 121. For example, when the control unit 121 switches
on the switches SW1, SW3 and switches off the other
switches, electric power is supplied to the electric motor
109 from the electric rechargeable cell C1. In addition,
when the control unit 121 switches on the switches SW4,
SW2n and switches off the other switches, electric power
is supplied to the electric motor from the electric re-
chargeable cells C3 to Cn.

[0049] Fig. 2 is a circuit diagram showing the electric
storage pack 100 of the first embodiment which has eight
cells C1to C8.Fig. 3is adiagram showing cell discharges
to the electric storage pack shown in Fig. 2 and an on/off
pattern of switches. Fig. 4 is a diagram showing a rela-
tionship between a single cell’'s output voltage, the
number of discharge cells, a maximum cell voltage and
adischarge voltage. When the electric rechargeable cells
ofthe electric storage pack 100 are in the uniformed state,
the control unit 121 performs on/off controls of the switch-
es SW1 to SW2n, which will be described below, while
referring to detection results by the voltage detection
units S1 to Sn.

[0050] Hereinafter, a discharge control will be de-
scribed which is performed by the control unit 121 of the
first embodiment in the uniformed state by reference to
Fig. 5. Fig. 5 shows diagrams showing one example of
cell voltages of electric rechargeable cells installed in the
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electric storage pack 100 of the first embodiment. In the
example shown in Fig. 5, the electric storage pack 100
has 10 electric rechargeable cells.

[0051] When cell voltages of the electric rechargeable
cells installed in the electric storage pack 100 shifts from
a state shown in Fig. 5A in which the cell voltages vary
(a non-uniformed state) to a state shown in Fig. 5B in
which the cell voltages do not vary (a uniformed state),
the control unit 121 on/off controls the switches of the
discharge switch unit 111 in such a manner that all the
electric rechargeable cells are discharged for a constant
period of time sequentially electric rechargeable cell by
electric rechargeable cell. For example, the electric re-
chargeable cells are discharged for one minute sequen-
tially starting from the electric rechargeable cell C1.
[0052] When the electric rechargeable cells are dis-
charged sequentially from the electric rechargeable cell
C1 to the electric rechargeable cell C10 in the uniformed
state shown in Fig. 5B, electric power can be supplied
from the electric storage pack 100 to the electric motor
109 while maintaining a uniformed state shown in Fig.
5C. In addition, when the discharge from the electric re-
chargeable cell C10 is completed, the control unit 121
performs a similar on/off control in such a manner that
the electric rechargeable cells are discharged sequen-
tially again from the electric rechargeable cell C1. The
discharge control by the control unit 121 continues until
the electric storage pack 100 comes into the non-uni-
formed state.

[0053] In addition, when a discharge is started from
the electric rechargeable cell C10 in the state shown in
Fig. 5(b), the cell voltage variation width is surpassed
while the electric rechargeable cell C10 is being dis-
charged. Therefore, the control unit 121 immediately de-
termines that the electric storage pack 100 is put in the
non-uniformed state. Because of this, in the embodiment,
a hysteresis is provided in a predetermined value of the
cell voltage variation width based on which the control
unit 121 determines whether or not the electric storage
pack 100is in the uniformed state. Namely, a larger value
than a predetermined value which is used for the control
unit 121 to determine that the electric storage pack 100
is putin the uniformed state as a result of the cell voltages
changing from the non-uniformed state is used for the
predetermined value of the cell voltage variation width
which is used for the control unit 121 to determine that
the electric storage pack 100 is put in the non-uniformed
state as a result of the cell voltages changing from the
uniformed state. Consequently, even though the electric
rechargeable cell C10 is started to be discharged from
the state shown in Fig. 5B, there occurs no such situation
that the control unit 121 immediately determines that the
electric storage pack 100 is put in the non-uniformed
state.

[0054] Inthe discharge control described above which
is performed when the electric storage pack 100 is in the
uniformed state, all the electric rechargeable cells are
discharged for the constant period of time sequentially
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electric rechargeable cell by electric rechargeable cell.
However, the electric rechargeable cells may be dis-
charged sequentially electric rechargeable cell by elec-
tric rechargeable cell until the cell voltages of the electric
rechargeable cells drop by a predetermined voltage (for
example, 0.1 V). In addition, the electric rechargeable
cells may be discharged sequentially electric recharge-
able cell by electric rechargeable cell until the cell volt-
ages of the electric rechargeable cells drop to a prede-
termined voltage. The predetermined voltage may be a
lowest cell voltage in all the electric rechargeable cells
or may be a fixed voltage which is lower than the lowest
cell voltage.

[0055] Furthermore, all the electric rechargeable cells
do not have to be discharged. Electric rechargeable cells
to be discharged may be restricted to electric recharge-
able cells having larger cell voltages than an average
value of the cell voltages of the electric rechargeable cells
C1 to C10 (an average cell voltage of all the electric re-
chargeable cells). The electric rechargeable cells so re-
stricted or specified are discharged sequentially electric
rechargeable cell by electric rechargeable cell for a con-
stant period of time or until the cell voltages of the electric
rechargeable cells drop by a predetermined voltage. The
average cell voltage of the cell voltages of all the electric
rechargeable cells is calculated by the control unit 121
based on the cell voltages of the respective electric re-
chargeable cells obtained from the voltage detection
units S1 to Sn.

[0056] As has been described heretofore, according
to the discharge control that is performed by the control
unit 121 of the embodiment, the uniforming operation of
the cell voltages is performed in the non-uniformed state.
However, when the electric storage pack 100 is in the
uniformed state, all the electric rechargeable cells or the
electric rechargeable cells having the cell voltages larger
than the average cell voltage of all the electric recharge-
able cells are discharged sequentially electric recharge-
able cell by electric rechargeable cell for the constant
period of time or until the cell voltages drop by the pre-
determined voltage. Because of this, even when the elec-
tric storage pack 100 is in the uniformed state, electric
power can be supplied from the electric storage pack 100
to the electric motor 109. In addition, although the cell
voltage variation width in the uniformed state is narrow,
the uniforming operation of cell voltages is performed
which is different from the uniforming operation of cell
voltages which is performed in the non-uniformed state.
Therefore, no frequent switching occurs in the switches
possessed by the discharge switch unit 111.

(Second Embodiment)

[0057] In a second embodiment, a discharge control
that is performed by a control unit 121 of an electric stor-
age pack 100 in a uniformed state differs from that of the
first embodiment. Figs. 6A to 6C shows diagrams show-
ing one example of cell voltages of electric rechargeable
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cells installed in the electric storage pack 100 of the sec-
ond embodiment. In the example shown in Figs. 6A to
6C, the electric storage pack 100 has 10 electric re-
chargeable cells.

[0058] When cell voltages of the electric rechargeable
cells installed in the electric storage pack 100 shifts from
a state shown in Fig. 6A in which the cell voltages vary
(a non-uniformed state) to a state shown in Fig. 6B in
which the cell voltages do not vary (a uniformed state),
the control unit 121 designates two electric rechargeable
cells as forming a group and divides the electric recharge-
able cells C1 to C10 into five groups: the electric re-
chargeable cells C1, C2 into a group G1, the electric re-
chargeable cells C3, C4 into a group G2, the electric re-
chargeable cells C5, C6 into a group G3, the electric re-
chargeable cells C7, C8 into a group G4 and the electric
rechargeable cells C9, C10 into a group G5. After having
completed the group setting operation, the control unit
121 on/off controls of switches of a discharge switch unit
111 in such a manner that all the groups are discharged
for a constant period of time sequentially group by group.
For example, the groups are discharged for one minute
sequentially starting from the group G1.

[0059] When the groups are discharged sequentially
group by group from the group G1 to the group G5 in the
uniformed state shown in Fig. 6B, electric power can be
supplied from the electric storage pack 100 to an electric
motor 109 while maintaining a uniformed state shown in
Fig. 6C. In addition, when the discharge from the group
G5 is completed, the control unit 121 performs a similar
on/off control in such a manner that the groups are dis-
charged sequentially again from the group G1. The dis-
charge control by the control unit 121 continues until the
electric storage pack 100 comes into the non-uniformed
state.

[0060] Also in the embodiment, a hysteresis similar to
that of the first embodiment is provided in a predeter-
mined value of a cell voltage variation width based on
which the control unit 121 determines whether or not the
electric storage pack 100 is in the uniformed state. Con-
sequently, even though a discharge is initiated from the
group G5 in the state shown in Fig. 6B, there occurs no
such situation that the control unit 121 immediately de-
termines that the electric storage pack 100 is put in the
non-uniformed state. In addition, in the discharge control
described above as being performed when the electric
storage pack 100 is in the uniformed state, although all
the groups are discharged sequentially group by group
for the constant period of time, all the groups may be
discharged sequentially group by group until the cell volt-
ages of the electric rechargeable cells drop by a prede-
termined voltage (for example, 0.1 V). Furthermore, in
the embodiment, although two electricrechargeable cells
are designated as forming a group, three or more electric
rechargeable cells may be designated as forming a
group.

[0061] As has been described heretofore, according
to the discharge control performed by the control unit 121
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of the embodiment, the uniforming operation of the cell
voltages is performed in the non-uniformed state, when
the electric storage pack 100 is in the uniformed state.
However, all the groups are discharged sequentially
group by group for the constant period of time or until the
cell voltages drop by the predetermined voltage. Be-
cause of this, even when the electric storage pack 100
is in the uniformed state, electric power can be supplied
from the electric storage pack 100 to the electric motor
109. In addition, as with the first embodiment, no frequent
switching occurs in the switches possessed by the dis-
charge switch unit 111.

(Third Embodiment)

[0062] In a third embodiment, a discharge control that
is performed by a control unit 121 of an electric storage
pack 100 in a uniformed state differs from those of the
first embodiment and the second embodiment. Figs. 7A
to 7C show diagrams showing one example of cell volt-
ages of electric rechargeable cells installed in the electric
storage pack 100 of the third embodiment. In the example
shown in Fig. 7A to 7C, the electric storage pack 100 has
10 electric rechargeable cells.

[0063] When cell voltages of the electric rechargeable
cells installed in the electric storage pack 100 are in a
state shown in Fig. 7A in which they do not vary (a uni-
formed state), the control unit 121 designates three con-
secutive electric rechargeable cells C6 to C8 which in-
clude the electric rechargeable cell C6 having a highest
cell voltage in the electric rechargeable cells C1 to C10
installed in the electric storage pack 100 (a highest cell
voltage electric rechargeable cell) as forming a group.
After having completed the group setting operation, the
control unit 121 on/off controls switches of a discharge
switch unit 111 in such a manner that the electric re-
chargeable cells are discharged starting from the electric
rechargeable cells C6 to C8 which are designated as
forming the group.

[0064] The discharge from the electric rechargeable
cells in the group in question continues to be performed
until a cell voltage variation width of the electric recharge-
able cells installed in the electric storage pack 100 sur-
passes a predetermined value so that the electric storage
pack 100 is put in a non-uniformed state. In the example
shown in Figs. 7A to 7C, when the discharge from the
electricrechargeable cells C6 to C8 which are designated
as forming the group is started, the electric rechargeable
cell C1 constitutes a electric rechargeable cell having a
highest cell voltage in the electric rechargeable cells C1
to C10installed in the electric storage pack 100 (a highest
cell voltage electric rechargeable cell). The electric re-
chargeable cell C8 constitutes an electric rechargeable
cell having a lowest cell voltage in the electric recharge-
able cells C1to C10 installed in the electric storage pack
100 (alowest cell voltage electric rechargeable cell). The
discharge from the electric rechargeable cells C6 to C8
which are designated as forming the group continues to
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be performed until a difference between a cell voltage of
the highest cell voltage electric rechargeable cell C6 and
a cell voltage of the lowest cell voltage electric recharge-
able cell C8 surpasses a predetermined value. When the
electric storage pack 100 is put in the non-uniformed
state, the control unit 121 performs a cell voltage uni-
forming operation.

[0065] Inthe discharge control described above as be-
ing performed when the electric storage pack 100 is in
the uniformed state, while the three consecutive electric
rechargeable cells which include the highest cell voltage
electric rechargeable cell are designated as forming the
group, the number of cells to be so designated is not
limited to three. Hence, two or four or more electric re-
chargeable cells may be so designated. However, in the
event that the number of electric rechargeable cells to
be so designated becomes too large, a state results in
which an excessive voltage is applied to the electric motor
109. Consequently, the control unit 121 determines a
number of electric rechargeable cells which can fall within
a voltage range which can be applied to the electric motor
109. In addition, a load power efficiency of the electric
motor 109 becomes better as the application voltage be-
comes higher within the applicable voltage range. Be-
cause of this, the control unit 121 determines the number
of electric rechargeable cells in such a manner that an
accumulated cell voltage of the electric rechargeable
cells which are designated as forming a group takes a
maximum value within the applicable voltage range.
[0066] In the example shown in Fig. 7A, since the cell
voltage of the highest cell voltage electric rechargeable
cell C6 is about 3.75 V, the cell voltage of the electric
rechargeable cell C7 is about 3.70 V, and the cell voltage
of the electric rechargeable cell C8 is about 3.65 V, an
accumulated cell voltage from these three electric re-
chargeable cells C6 to C8 becomes about 11.10 V. In
this state, in the case that one more electric rechargeable
cell is designated as forming the group, the accumulated
cell voltage becomes 14 V or higher, and the resulting
accumulated cell voltage surpasses the applicable volt-
age range of the electric motor 109. Consequently, in the
state shown in Fig. 7A, in the case that the three electric
rechargeable cells C6 to C8 are designated as forming
the group, a best load power efficiency for the electric
motor 109 can be realized.

[0067] Inaddition, in the cell voltages of the respective
electric rechargeable cells shown in Fig 7A, when des-
ignating the three consecutive electric rechargeable cells
C6 to C8 which include the highest cell voltage electric
rechargeable cell C6 as forming the group, the following
forms are considered: a form in which the aforesaid elec-
tric rechargeable cells C6 to C8 are designated as form-
ing the group; a form in which the electric rechargeable
cells C5 to C7 are designated as forming the group; a
form in which the electric rechargeable cells C4 to C6
are designated as forming the group. The control unit
121 can select any of the three forms described above
based on a group setting operation which will be de-
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scribed below.

[0068] Hereinafter, a group setting will be described
by reference to Fig. 9 which is performed when desig-
nating a plurality of electric rechargeable cells including
a highest cell voltage electric rechargeable cell as form-
ingagroup. Fig. 9is aflowchartillustrating a group setting
operation by the control unit 121 possessed by the elec-
tric storage pack 100 of the third embodiment.

[0069] As is shown in Fig. 9, at step S100, the control
unit 121 specifies an electric rechargeable cell having a
highest cell voltage in the electric rechargeable cells in-
stalled in the electric storage pack 100 based on the cell
voltages of the respective electric rechargeable cells.
Namely, the control unit 121 specifies an electric re-
chargeable cell whose SOC is highest. Next, at step
S101, the control unit 121 designates the electric re-
chargeable cell having the highest cell voltage as forming
a group. Next, at step S102, the control unit 121 deter-
mines whether or not an accumulated cell voltage of the
electric rechargeable cells which are designated as form-
ing the group is larger than 9 V. If the accumulated cell
voltage is larger than 9 V, the group setting operation
proceeds to step S103, where the control unit 121 deter-
mines whether or not the accumulated cell voltage is
smallerthan 14 V. Ifthe accumulated cell voltage is small-
er than 14 V, the group setting operation proceeds to
step S104, where the control unit 121 on/off controls the
switches of the discharge switch unit 111 in such a man-
ner that a discharge line is formed from the electric re-
chargeable cell designated as forming the group to the
electric motor 109.

[0070] If it is determined from the result of the deter-
mination at step S102 that the accumulated cell voltage
is equal to or smallerthan 9V, the group setting operation
proceeds to step S105. At step S105, the control unit 121
designates one cell having a higher cell voltage of two
electric rechargeable cells which lie adjacent to the group
of the electric rechargeable cells which are designated
as forming the group, and the group setting operation
returns to step S102. In addition, If it is determined from
the result of the determination at step S103 that the ac-
cumulated cell voltage is equal to or larger than 14 V, the
group setting operation proceeds to step S106. At step
S$106, the control unit 121 designates one cell having a
lower cell voltage of the two electric rechargeable cells
which lie at both end limits of the group of the electric
rechargeable cells which are designated as forming the
group, and the group setting operation returns to step
S102.

[0071] Hereinafter, a case will be described in which
the group setting operation based on the flow described
by reference to Fig. 9 is carried out on the electric storage
pack 100 whose cell voltages are shown in Fig. 7A. After
having designated the electric rechargeable cell C6 hav-
ing the highest cell voltage, the control unit 121 deter-
mines whether or not the cell voltage of the electric re-
chargeable cell C6 is larger than 9 V. If the cell voltage
of the electric rechargeable cell C6 is equal to or smaller
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than 9V, the control unit 121 designates, of the two elec-
tric rechargeable cells C5, C7 which adjacent to the elec-
tric rechargeable cell C6, the electric rechargeable cell
C7 having a higher cell voltage as forming the group.
Then, the control unit 121 determines whether or not an
accumulated cell voltage of the cell voltages of the elec-
tric rechargeable cells C6, C7 is larger than 9 V. If the
accumulated cell voltage of the electric rechargeable
cells C6, C7 is equal to or smaller than 9 V, the control
unit 121 designates, two electric rechargeable cells C5,
C8 which are adjacent to the group of electric recharge-
able cells (electric rechargeable cell C6, electric re-
chargeable cell C7), the electric rechargeable cell C8
having a higher cell voltage as forming the group.
[0072] Next, the control unit 121 determines whether
or not the accumulated cell voltage of the electric re-
chargeable cells C6 to C8 is larger than 9V. If the accu-
mulated cell voltage of the electric rechargeable cells C6
to C8 is larger than 9 V, the control unit 121 then deter-
mines whether or not the accumulated cell voltage of the
electric rechargeable cells C6 to C8 is smaller than 14
V. If the accumulated cell voltage is smaller than 14 V,
having set the electric rechargeable cells C6 to C8 into
one group, the control unit 121 on/off controls the switch-
es of the discharge switch unit 111 in such a manner that
a discharge line is formed from the electric rechargeable
cells C6 to C7 to the electric motor 109.

[0073] If the accumulated cell voltage is equal to or
larger than 14V in such a state that the electric recharge-
able cells C5 to C8 are set into one group, the control
unit 121 releases, of two electric rechargeable cells C5,
C8 which lie at both ends of the electric rechargeable
cells C5 to C8 which are designated as forming the one
group, the electric rechargeable cell C5 having a lower
cell voltage from the designation as forming the one
group or excludes the electric rechargeable cell C5 from
the group.

[0074] According to the discharge control performed
by the control unit 121 of the embodiment, the uniforming
operation of the cell voltages is executed in the non-uni-
formed state. When the electric storage pack 100 is in
the uniformed state, the control unit 121 designates the
consecutive electric rechargeable cells which include the
highest cell voltage electric rechargeable cell as forming
the group, and the electric rechargeable cells of the group
continue to be discharged until the electric storage pack
100 is put in the non-uniformed state. Therefore, even
though the electric storage pack 100 is in the uniformed
state, electric power in which the load power efficiency
of the electric motor 109 for the plurality of electric re-
chargeable cells is good can be supplied from the electric
storage pack 100 to the electric motor 109. In addition,
as with the first embodiment, no frequent switching is
generated in the switches possessed by the discharge
switch unit 111.
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(Fourth Embodiment)

[0075] Inafourthembodiment, adischarge control that
is performed by a control unit 121 of an electric storage
pack 100 in a uniformed state differs from those of the
first embodiment to the third embodiment. Figs. 10A to
10C show diagrams showing one example of cell voltag-
es of electric rechargeable cells installed in the electric
storage pack 100 of the fourth embodiment. In the ex-
ample shown in Figs. 10A to 10C, the electric storage
pack 100 has 10 electric rechargeable cells.

[0076] When cell voltages of the electric rechargeable
cells installed in the electric storage pack 100 are in a
state shown in Fig. 10A in which they do not vary (a uni-
formed state), the control unit 121 designates as forming
a group a electric rechargeable cell C6 having a highest
cell voltage, a electric rechargeable cell C1 having a sec-
ond highest cell voltage and a electric rechargeable cell
C7 having a third highest cell voltage in electric recharge-
able cells C1to C10 installed in the electric storage pack
100. After having completed the group setting operation,
the control unit 121 on/off controls switches of a dis-
charge switch unit 111 in such a manner that the electric
rechargeable cells C6, C1, C7 which are designated as
forming the group are discharged for a constant period
of time. In addition, the electric rechargeable cells C6,
C1, C7 which are designated as forming the group may
be discharged until the cell voltages of the electric re-
chargeable cells so designated drop by a predetermined
voltage (for example, 0.1 V). Furthermore, the discharge
from the electric rechargeable cells C6, C1, C7 may con-
tinue until a difference between a cell voltage of a highest
cell voltage electric rechargeable cell C4 and a cell volt-
age of a lowest cell voltage electric rechargeable cell C7
surpasses a predetermined value asis shownin Fig. 10A.
[0077] Furthermore, the number of cells to be desig-
nated as forming a group is not limited to three. Hence,
two or four or more electric rechargeable cells may be
so designated. However, as is shown in Fig. 8, there is
avoltage range which can be applied to the electric motor
109 or an applicable voltage range of the electric motor
109, and a load power efficiency of the electric motor 109
becomes better as the application voltage becomes high-
er within the applicable voltage range. Therefore, the
control unit 121 determines the number of electric re-
chargeable cells in such a manner that an accumulated
cell voltage of the electric rechargeable cells which are
designated as forming a group takes a maximum value
within the applicable voltage range.

[0078] Inthe example shown in Fig. 10A, the cell volt-
age of the highest cell voltage electric rechargeable cell
C6is about 3.75 V, the voltage of the second highest cell
voltage electric rechargeable cell C1is about 3.75V, and
the third highest cell voltage electric rechargeable cell
C7 is about 3.70 V. Therefore, an accumulated cell volt-
age from the three electric rechargeable cells C6, C1 and
C7 becomes about 11.20 V. In this state, in the case that
one more electric rechargeable cell is designated as
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forming the group, the accumulated cell voltage becomes
14V or higher, and the resulting accumulated cell voltage
surpasses the applicable voltage range of the electric
motor 109. Consequently, in the state shown in Fig. 10A,
in the case that the three electric rechargeable cells C6,
C1 and C7 are designated as forming the group, a best
load power efficiency for the electric motor 109 can be
realized.

[0079] Referring to Fig. 11, a group setting operation
will be described which is executed when designating a
plurality of electric rechargeable cells including a highest
cell voltage electric rechargeable cell as forming a group.
Fig. 11is a flowchart illustrating a group setting operation
executed by the control unit 121 possessed by the electric
storage pack 100.

[0080] Asisshownin Fig. 11, atstep S200, the control
unit 121 specifies the electric rechargeable cell having
the highest cell voltage in the electric rechargeable cells
installed in the electric storage pack 100 based on the
cell voltages of the respective electric rechargeable cells.
Namely, the control unit 121 specifies the electric re-
chargeable cell whose SOC is highest. Next, at step
S201, the control unit 121 designates the electric re-
chargeable cell having the highest cell voltage as forming
a group. Next, at step S202, the control unit 121 deter-
mines whether or not an accumulated cell voltage of the
cell voltages of the electric rechargeable cells which are
designated as forming the group is larger than 9 V. If the
accumulated cell voltage is larger than 9 V, the group
setting operation proceeds to step S203, where the con-
trol unit 121 determines whether or not the accumulated
cell voltage is smaller than 14 V. If the accumulated cell
voltage is smaller than 14 V, the group setting operation
proceeds to step S204, where the control unit 121 on/off
controls the switches of the discharge switch unit 111 in
such a manner that a discharge line is formed from the
electric rechargeable cells designated as forming the
group to the electric motor 109.

[0081] Ifitis determined as aresultof the determination
carried out at step S202 that the accumulated cell voltage
is equal to or smaller than 9V, the group setting operation
proceeds to step S205. At step S205, the control unit 121
designates the electric rechargeable cell having the sec-
ond highest cell voltage as forming the group. Thereafter,
the group setting operation returns to step S202. In ad-
dition, if it is determined as a result of the determination
carried out at step S203 that the accumulated cell voltage
is equal to or larger than 14 V, the group setting operation
proceeds to step S106. At step S106, the control unit 121
releases the lowest cell voltage electric rechargeable cell
in the electric rechargeable cells designated as forming
the group from the designation as forming the group or
excludes the lowest cell voltage electric rechargeable cell
from the group. Thereafter, the group setting operation
returns to step S202.

[0082] According to the discharge control that is exe-
cuted by the control unit 121 of the embodiment, the uni-
forming operation of the cell voltages is performed in the
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non-uniformed state, when the electric storage pack 100
is in the uniformed state. However, the plurality of electric
rechargeable cells including the highest cell voltage elec-
tric rechargeable cell are designated as forming the
group. The electric rechargeable cells so designated as
forming the group are discharged for the constant period
of time or until the cell voltages of the electric recharge-
able cells so designated drop by the predetermined volt-
age. Because of this, even though the electric storage
pack 100 is in the uniformed state, electric power in which
the load power efficiency of the electric motor 109 for the
plurality of electric rechargeable cells is good can be sup-
plied from the electric storage pack 100 to the electric
motor 109. In addition, as with the first embodiment, no
frequent switching is generated in the switches pos-
sessed by the discharge switch unit 111.

Claims

1. A discharge control system for an electric storage
pack (100) which has a plurality of electric recharge-
able cells connected in series, said system compris-

ing:

a plurality of cell voltage detection units which
detect respective cell voltages of the electric re-
chargeable cells;

a switch group including a plurality of switches
which are respectively connected between the
plurality of electric rechargeable cells; and

a control unit (121) forming one discharge line
of the discharge lines from at least any one of
the electric rechargeable cells to a rotary induc-
tive load or aload driving feeding circuit, wherein
the control unit (121) controls individually the
switches of the switch group in accordance with
detection results by the cell voltage detection
units when a difference between a highest cell
voltage and a lowest cell voltage in the electric
rechargeable cells of the electric storage pack
(100) is equal to or smaller than a predetermined
value.

2. A discharge control system according to Claim 1,
wherein
the electric rechargeable cells comprise lithium ion
electric rechargeable cells.

3. A discharge control system according to any of the
preceding claims, wherein
the control unit (121) controls individually the switch-
es of the switch group such thatthe electric recharge-
able cells of the electric storage pack (100) are dis-
charged sequentially cell by cell.

4. A discharge control system according to any of the
preceding claims, wherein



10.

21 EP 2 075 870 A1

the control unit (121) specifies at least one of the
plurality of the electric rechargeable cells having a
larger cell voltage than an average cell voltage value
of the electric rechargeable cells of the electric stor-
age pack (100) and controls individually the switches
of the switch group such that the electric recharge-
able cells are discharged sequentially cell by cell
from the specified electric rechargeable cell.

A discharge control system according to any of the
preceding claims, wherein

when elapsing a predetermined period of time since
the start of a discharge from one electric recharge-
able cell, the control unit (121) forms a discharge line
from a next electric rechargeable cell to the rotary
inductive load or the load driving feeding circuit.

A discharge control system according to any of the
preceding claims, wherein

when the cell voltage of one electric rechargeable
cell drops by a predetermined voltage as a result of
a discharge from the electric rechargeable cell, the
control unit (121) forms a discharge line from a next
electric rechargeable cell to the rotary inductive load
or the load driving feeding circuit.

A discharge control system according to any of the
preceding claims, wherein

when the cell voltage of one electric rechargeable
cell drops to be a predetermined voltage as a result
of a discharge from the electric rechargeable cell,
the control unit (121) forms a discharge line from a
next electric rechargeable cell to the rotary inductive
load or the load driving feeding circuit.

A discharge control system according to any of the
preceding claims, wherein

the control unit (121) divides the electric rechargea-
ble cells of the electric storage pack (100) into a plu-
rality of groups each including the same number of
electric rechargeable cells and controls individually
the switches of the switch group such that the plu-
rality of groups of electric rechargeable cells are dis-
charged sequentially group by group.

A discharge control system according to any of the
preceding claims, wherein

a plurality of adjacent electric rechargeable cells are
designated as forming each group.

A discharge control system according to any of the
preceding claims, wherein

when elapsing a predetermined period of time since
the start of a discharge from one group, the control
unit (121) forms a discharge line from a next group
to the rotary inductive load or the load driving feeding
circuit.
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11.

12.

13.

14.

15.

16.

17.

22

A discharge control system according to any of the
preceding claims, wherein

when the cell voltage of each of the electric recharge-
able cells designated as forming one group drops by
a predetermined voltage as a result of a discharge
from the group, the control unit (121) forms a dis-
charge line from a next group to the rotary inductive
load or the load driving feeding circuit.

A discharge control system according to any of the
preceding claims, wherein

the control unit (121) designates the one of the plu-
rality of the electric rechargeable cells having the
highest cell voltage in the plurality of electric re-
chargeable cells of the electric storage pack (100)
as forming a group and forms a discharge line from
the electric rechargeable cell in the group to the ro-
tary inductive load or the load driving feeding circuit.

A discharge control system according to any of the
preceding claims, wherein

the control unit (121) selects the electric rechargea-
ble cell to be designated as forming the group such
that a discharge voltage of the electric rechargeable
cell falls within a voltage range which can drive the
rotary inductive load or the load driving feeding cir-
cuit.

A discharge control system according to any of the
preceding claims, wherein

the control unit (121) designates a plurality of adja-
centelectricrechargeable cells as forming the group.

A discharge control system according to any of the
preceding claims, wherein

when designating the plurality of electric recharge-
able cell as forming a group, the control unit (121)
designates the electric rechargeable cells in the or-
der of the electric rechargeable cell having a higher
cell voltage.

A discharge control system according to any of the
preceding claims, wherein

the control unit (121) implements a discharge from
the electricrechargeable cells designated as forming
the group to the rotary inductive load or the load driv-
ing feeding circuit until a difference between a lowest
cell voltage in the electric rechargeable cells desig-
nated as forming the group and a highest cell voltage
in the electric rechargeable cells of the electric stor-
age pack (100) exceeds the predetermined value.

A discharge control system according to any of the
preceding claims, wherein
the switch group has:

a first switch group including a plurality of first
switches which are connected to a negative side
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input terminal of the rotary inductive load or the
load driving feeding circuit; and
a second switch group including a plurality of
second switches which are connected to a pos-
itive terminal of the rotary inductive load or the
load driving feeding circuit, and

wherein the control unit (121) closes any one of first
switches and any one of second switches so as to
form discharge lines from the plurality of electric re-
chargeable cells to the rotary inductive load or the
load driving feeding circuit.
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